
Nuclear Theory at BNL

Goal:  First Principles Understanding

of Strong Interactions
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All of these issues are intertwined!
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Nuclear Theory at BNL

Current Interests:
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Nuclear Theory at BNL
Strength of Effort:
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Nuclear Theory at BNL:

Color Glass Condensate:

2

x1010 1010

Q = 200 GeV

Q = 20 GeV 

xG(x,Q )

2 2 

2 2

−4 −3 −2 −1

= 5 GeV2
Q
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Nuclear Theory at BNL
Color Glass Condensate

High Energy Cross Sections
Computed

Geometric Scaling of
DIS Explained

Energy and A dependence of Saturation Momentum
Computed (HERA Small x Problem Understood)
Nuclear Shadowing Computable and Understood

Hadron Gas

QGP

Parton Formation

Thermalization

t

z

Initial Conditions for Ultra−relativistic Heavy Ion
Collisions Understood

Universality of High Energy Hadrons
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Nuclear Theory at BNL
Quark−Gluon Plasma

Understanding of

Multiplicities
and Rapidity

Densities

10
0

10
-1 10 1

t (Fm/c)

10
0

10
1

(GeV/Fm 3)

ε

10
2

Energy Density of

Nuclear
Matter

Energy Density 
in Cores 

of Neutron Stars

Energy DensityEnergy Density at Formation
ε

Quark Gluon Matter

Quark Gluon Plasma

Mixed Hadron Gas and 

Quark Gluon Plasma

Bjorken

Energy Density
ε ~ 2-3 GeV/Fm 3

Melting Colored Glass

~ 20-30 Gev/Fm ~ 20-30 times
that inside a

proton
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Nuclear Theory at BNL
Quarks and Gluons are
Degrees of Freedom but

Is it Thermal?

In region of overlap
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Whatever is the orgin of flow, it must have strong

interactions at early times.  From flow analysis
of pp data, it is a collective effect for p < 2 GeV



Nuclear Theory at BNL
Is it Thermal?

Color Glass Require High E/N to explain multiplicity.
Need a lot of cooling to get experimental E/N

Hydrodynamical models
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describe p < 2 GeV
Jets are suppressed at

large pT

Npart dependence

looks more hadronic
than jetty

CGC or QGP?



Nuclear Theory at BNL

Flavor Structure of Hadrons

Nb/S:  A Measure of Initial Conditions

In RHIC, Nb is large.  Is it due to:

String junctions?
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Nuclear Theory at BNL
Lattice Gauge Theory

Tests QCD Tests Confinement

Computes Masses Computes Finite T QCD

QCDOC Project Promises 10+ TFlops
allowing great progress for realistic computations

with realistic quark masses



Where did the Color Glass Go?
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Where are We Going?
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Where are we going?

Phenix dA Data
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Where are We Going?

���� �����		
�� �

����� ��� ���

������
�� 
� �
������������ ��

������� �������� �����	��
�� 
�

������	 ���

��� ��� ������� ���� 
� �� �� ���

�� � ��������� �
���
���
�� �� ����

��������

��� ���� �
��� �� ������� ���� ���

������ ���� ������	
���

����� ��� ��� ��	�
�	�� 
����	�
��

���� �	�� �� �
������ �� ���	���

���������
���

�
��
� �� ���� � 
����� ��

���������  �
��� ���!���"� �


����� �
� ����� ��"	�� ���� 
�#� ����


